Development and Optimization of Pre-Concentration Procedure of Rare-Earth Elements (REEs) in Their Minerals, Using Microwave - Assisted Sample Dissolution for ICP-Atomic Emission Spectrometric Detection  by Hastiawan, Iwan et al.
 Procedia Chemistry  17 ( 2015 )  93 – 98 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Department of Chemistry, Faculty of Mathematics and Natural Sciences, Padjadjaran University
doi: 10.1016/j.proche.2015.12.112 
Available online at www.sciencedirect.com
ScienceDirect
3rd International Seminar on Chemistry 2014 
Development and Optimization of Pre-Concentration Procedure of Rare-
Earth Elements (REEs) in Their Minerals, Using Microwave - Assisted 
Sample Dissolution for ICP-Atomic Emission Spectrometric Detection  
Iwan Hastiawana,*, Nicolas H. Bingsb and J. A. C. Broekaertc  
 
aDepartemen of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran  
Jl. Raya Bandung-Sumedang Km 21, Jatinangor 45363, Sumedang, Indonesia 
bInstitut für Anorganische Chemie und Analyitsche Chemie, Universität Mainz, Germany 
cInstitut für Anorganische und Angewandte Chemie, Universität Hamburg, Germany 
 
Abstract 
The aim of this research was to develop and optimize a procedure for determination of REEs in xenotime and monazite samples collected from 
Bangka Island, which were compared to Standard Monazite (71 AG)  of Bureau of Analyzed Samples, London. ICP-OES method was used for 
the determination. The samples were dried and sterilized by heating for a week at 110°C, before digesting with nitric acid and hydrofluoric 
acid, using a microwave-assisted digestion system. After a careful line selection, at the detection limits for all REEs in the ng/mL the REEs 
were reliably obtained at the 0.09 – 38% level. 
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1. Introduction 
REEs play an important role in modern material sciences, in the field of superconductors, lasers, optoelectronics, glass, and 
ceramics1. To meet the requirements of these fields, the production of REEs has increased during the last years2. In this context, 
environmental precaution has increased too and, therefore, sensitive analytical procedures for the determination of REEs in soils 
become more important too. As a result of their similar physical and chemical properties, REEs tend to occur together in 
minerals, making a determination need for their separation desirable3.  
The present work focuses on the determination of Rare Earth Elements (REEs) in Xenotime and Monazite mineralogical 
samples by means of inductively coupled plasmas optical emission spectrometry (ICP-OES) using a charge coupled device 
(CCD) based spectrometer equipped with microwave-assisted digestion and matrix removal through ion exchange using a 
strongly basic anion-exchange resin (AG 1-X8)3.  
In the mineral Monazite with the general formula (Ce, La, Nd, Th)PO4 the light REEs are present to up to 70% REE2O3, 
whereas in xenotime of the general formula YPO4 mostly heavy REEs are found
4. Since the concentrations of same REE in 
minerals are fairly low, and their analysis lines often suffer from spectral interferences in atomic spectrometric analysis, 
procedures for the elimination of these problems are required. For the determination of REE in minerals we dissolved the 
samples by microwave assisted sample digestion, and applied anion exchange pre-concentration to remove the matrix prior to 
spectrometric analysis5.  
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Since the minerals studied contain REE are in low concentrations, the most sensitive out interference free analytical lines the 
determination of REE at trace levels by ICP-OES must be determined. Then one can employ column separation to eliminate 
spectral interferences from matrix elements. The potential of this approach is shown by the analysis of Xenotime and Monazite 
samples as well as a standard Monazite (71 AG) from Bureau of Analyzed Samples (BAS), London5.  
 
 
2. Material and Methods 
 
2.1. Multiwave assisted sample digestion 
 
For the microwave assisted sample digestion a microwave oven operated at 1000 W, with unpulsed power control in 1 W 
increments (MULTIWAVE from Anton Paar) operating at frequency of 2450 MHz was used. The REE samples were brought 
together with the HF and HNO3 decomposition reagents in reaction vessels which can tolerate pressures up to 75 bar and are 
made of all PTFE perfluoroalkoxy (PFA), a chemically modified polytetrafluoroethylene (PTFE) with strongly improved 
dimensional stability. The pressure vessels are positioned in a rotor. Which can to use up to 6 vessels. It was found that a 
complete digestion of 0.3 g amounts of sample could be performed by a treatment with 10 ml of 48% HF and 4 mL of 16 M 
HNO3 during 120 min. From pressure and temperature monitoring performed at each vessel it was found that values up to 75 bar 
and 210 °C, respectively, were reacted6.  
Inductively coupled plasma optical emission spectrometry (ICP-OES), which by now is a already a conventional 
spectrometric method of analysis has been applied to determined the REE subsequent to the sample dissolution and the matrix 
removal. The ICP-OES system used because of its complete coverage of the whole analytically relevant spectral range is ideally 
suited for the search for interference – free REE analytical lines2. This is due to the used of a multi – CCD arrangement of which 
the detection limits achievable for the REE need to be investigated. Therefore the research performed consisted of optimizing the 
CCD – based ICP-OES with respect to maximum power of detection for the interference - free analytical lines of the REE7. This 
required optimization of the gas flows especially for the individual REE analytical lines selected from spectra recorded for 
monoelement solutions. Further, the removal of the matrix from the REE is to be studied and finally the analysis of real samples 
including a validation of the method through the analysis of a standard reference sample is required8,9.  
 
 
3. Results and Discussion 
 
3.1. Matrix Interferences in the case of minerals containing the REE 
 
In any case, it is beneficial to perform scans of the spectral lines of REE standard solutions and REE samples to control if 
spectral interferences in the case of the selected lines occur. Therefore, spectra for the most concentrated REE standard, the blank 
solution and typical REE containing mineral samples should be scanned. When a line is spectrally interfered and there are no 
alternative and sufficiently sensitive lines available, the influence of the interference must be calculated. The recognition of a 
spectral interference is easily possible, as shown at the example europium line at µg/L Levels in Figure 1. 
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    Fig.. 1.  Spectral scans for the Eu 412.970 nm (a) and the Eu 393.048 nm (b) line at a concentration level of blank, 10 µg/l, 25 µg/L, 50   
                  µg/L, 100 µg/L, 150 µg/l and 200 µg/L 
 
3.2. Optimum operating parameters for ICP-OES 
 
With respect to maximum signal - to - background intensity ratios the operation parameters to be selected at the CIROS ICP-
OES are listed in Table 1. They constitute a compromise for the whole group of REE. 
 
             Table 1. Optimum operating  parameters 
ICP-OES   : Spectro Ciros CCD 
RF power   : 1.2 kW 
Nebulizer   : cross-flow, 1 l/min Ar 
Working gas  : 12 L/min Ar 
Auxilliary gas  : 1 L/min Ar 
Pump rate   : 2 mL/min 
Torch position         x : -0.9 mm 
                y : 2.0 mm 
                z : 20.0 mm 
Pre-integration time  : 25 
Integration time  : 10 
Integration cycle  : 5 
 
3.3. Determination of the detection limits (3 V)  
 
 At the optimum operation parameter values determined the detection limits for the REE were found to be as listed in Table 
2. They were determined with monoelement REE solution. 
 
                                                                           Tabel 2. Limits of detection for REE in ICP-OES 
Elements Line (nm) LOD (ug/L) 
Scandium 335.377 0.5 
 
361.384 0.3 
 
424.683 0.4 
Yttrium 320.332 3.1 
 
360.332 0.4 
 
371.030 0.2 
 
377.433 0.3 
Lanthanum 333.749 2.7 
 
398.852 1.5 
 
408.672 1.7 
 
412.323 1.1 
Cerium 413.765 12 
 
418.660 14 
 
448.691 17 
Neodymium 406.109 8.6 
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430.358 8.0 
Samarium 428.079 6.7 
 
442.434 8.3 
 
443.441 9.7 
Europium 381.967 0.4 
 
412.970 0.4 
Terbium 350.917 6.1 
 
356.174 8.0 
 
370.286 10 
 
387.417 19 
Ytterbium 211.678 1.1 
 
222.446 1.9 
 
328.937 0.4 
 
369.419 0.6 
Dysprosium 340.780 6.1 
 
353.602 5.2 
 
353.170 1.3 
Holmium 233.655 50 
 
345.320 7.5 
 
339.898 3.8 
 
381.073 4.3 
 
345.600 1.2 
Erbium 326.478 5.6 
 
369.274 1.7 
 
349.910 2.6 
Thulium 342.508 3.2 
 
379.575 3.4 
 
346.220 1.7 
Lutetium 219.554 6.2 
 
291.139 1.2 
Elements Line (nm) LOD (ug/L) 
 
261.542 0.2 
Gadolinium 303.412 6.9 
 
374.358 8.1 
 
358.498 5.6 
 
335.862 4.8 
 
310.050 4.5 
Praseodymium 422.535 12 
 
417.939 8.7 
 
410.082 9.0 
  408.184 26 
 
3.4. Removal of the matrix of the REE samples and the Standard Monazite by anion exchange. 
 
 For matrix removal from the REE samples (Xenotime and Monazite) and the standard Monazite the digestion solution was 
evaporated to dryness on a hot plate at 120 °C for 4 h. The residue was dissolved in 2 mL of 7 mol/L HNO3, and passed through 
the Dowex AG 1W x 8 column. Then the eluent of 15 mL of 0.5 mol/L HNO3 and 20 ml of 0.5 mol/L HCl was passed through 
the column and the eluate in the case of 80 mL of 6 M HCl containing the REE collected. After evaporation to near drying it was 
taken up with 5 mL of 0.5 mol/L HNO3 was added to the beaker and after cooling transferred into a measuring flask of 25 mL for 
analysis with ICP-OES. Also a blank was prepared by carrying out the above procedure without using a sample. 
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3.5. Determination of the REE by ICP-OES 
 
 In the eluates of the REE of the Xenotime and Monazite mineral samples and the Standard Monazite the analysis were 
determined by ICP-OES at optimized working conditions.  
Concentrations in % and numbers behind r are the standard deviation for 5 replicate analysis including errors on the calibration.  
 
                                                           Table 3.  Results for the determination of the REE in the Xenotime and Monazite  
                                                                          samples and in the Standard Monazite using adequate analytical lines 
Sample  Ce  418.660 nm La  408.672 nm Nd  406.109 nm 
Monazite   37.30 ± 0.94   19.85 ± 0.40   20.11 ± 0.14 
Xenotime   12.93 ± 0.02   8.25 ± 0.13   8.49 ± 0.56 
Standard 
Monazite 
  38.25 ± 1.23   23.32 ± 0.33   23.26 ± 0.52 
 
Sample  Sm  442.434 nm Eu  412.970 nm Pr  410.082 nm 
Monazite   4.24 ± 0.13   0.07 ± 0.01   5.28 ± 0.02 
Xenotime   2.99 ± 0.07   0.09 ± 0.04   2.26 ± 0.22 
Standard 
Monazite 
  4.22 ± 0.13   0.12 ± 0.04   7.15 ± 0.38 
 
Sample  Sc  424.683 nm Lu  261.542 nm Er  369.274 nm 
Monazite   0.06 ± 0.01   0.13 ± 0.01   1.11 ± 0.01 
Xenotime   0.10 ± 0.01  0.86 ± 0.01   6.02 ± 0.24 
Standard 
Monazite 
  0.13 ± 0.02   below LOD   0.34 ± 0.05 
 
 
Sample  Yb  369.419 nm Y  371.030 nm Dy  353.170 nm 
Monazite   0.94 ± 0.04   8.97 ± 0.15   1.96 ± 0.02 
Xenotime   6.46 ± 0.61   43.39 ± 3.79   8.16 ± 0.69 
Standard 
Monazite 
  0.20 ± 0.09   2.04 ± 0.07   0.97 ± 0.01 
 
 
This work done resulted in a validated procedure for the determination of the REE in mineral samples by inductively 
coupled plasma optical emission spectrometry (ICP-OES). The samples could be effectively decomposed with the aid of acid in a 
microwave oven. A Separation of the REE from accompanying element could be achieved with the aid of anion exchange is 
achieved by anion exchange. For the determination of the REE ICP-OES with the CIROS CCD - based spectrometer could be 
successfully applied. Therefore interference free analytical lines for the REE had to be selected. In the present ICP-OES system, 
only Fe, Na, and Al proved to overlap with the lines of some lines of the REEs and spectral interferences of Fe lines with lines of 
Lu, Yb, and Tm had to be taken into consideration. After optimizing all steps of the combined procedures the most important 
REE could be reliably determined in the Monazite and Xenotime minerals as well as in a standard sample of Bureau of Analyzed 
Samples (BAS) London. The results are comparables to those given in the literature apart, however, from a number of 
discrepancies. Accordingly, it can be concluded that ICP-OES using the CIROS system is useful for the multielement 
determination of REEs in minerals at the concentration level higher than about 1 ug g-1. 
 
Conclusions 
 
The research concluded that detection limits for all REEs in the ng/mL the REEs were reliably obtained at the 0.09 – 38% level. 
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